Abstract. A high resolution spectrum of a large -sunspot umbra is used for identification of two bands (2−0) and (2−1) of the 4 ∆− 4 ∆ system of the FeH molecule, in addition to the previously identified bands (0−0) and (1−0) of the same system. The spectrum was obtained with FTS of the McMath-Pierce Solar Telescope of NSO/NOAO at Kitt Peak.
Introduction
The first identification of lines from the FeH molecule was made in the blue-green part of the solar spectrum by Carroll & McCormack (1972) . The molecular origin of a number of weak lines was also demonstrated by the fact that their strengths were enhanced in sunspots (Moore et al. 1966) . Klynning & Lindgren (1973) reported that lines of the (0−0) band of FeH extend from 9 896Å to at least 10 205Å. Carroll et al. (1976) detected a number of coincidences between laboratory lines of FeH and weak unidentified solar lines, again in the blue and green wavelength region, in addition to the infrared. Wing et al. (1977) confirmed the presence of the (0−0) and (1−0) bands of iron hydride in sunspots and cool stars. They were not be able to identify the infrared FeH bands in the spectrum of the solar disk. Wöhl et al. (1983) measured the strengths of the (0−0) and (1−0) bands of the FeH molecule in the umbral spectrum of a large spot.
It is noticed that the sunspot spectrum from 9 900Å to 10 100Å comes close to being a pure FeH spectrum. Since very high resolution solar and laboratory spectra are available, a reinvestigation of the FeH molecule is, therefore, of notable interest.
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Molecular data
Seven infra-red bands of the 4 ∆− 4 ∆ system of the FeH molecule were analyzed by Phillips et al. (1987) (The rms of the deviations between observed and calculated lines was 0.01 cm −1 ). Their wavenumber ranges are listed in Table 1 in order of the wavelength of the heads. The wavelengths and wavenumbers for two additional bands were calculated. Four pairs of R-branches and four pairs of Pbranches imply that the infrared system is produced by transitions between two quartet states with Λ-type doubling. The lower energy level in a Λ doubled pair is described as an a-level and the higher as a b-level. The main branches of the bands due to 4 ∆ 7/2 − 4 ∆ 7/2 , 4 ∆ 5/2 − 4 ∆ 5/2 , 4 ∆ 3/2 − 4 ∆ 3/2 and 4 ∆ 1/2 − 4 ∆ 1/2 have been studied in the present analysis. 
Observed solar spectrum
A high resolution spectrum of a large sunspot recorded by Brynildsen et al. (1989) with the Fourier Transform Spectrometer at the McMath telescope of NSO/NOAO at Kitt Peak, is compared with the laboratory FeH spectrum. The present umbral spectrum is from a large sunspot of diameter 29 ± 1 arcsec. The spot is denoted San Fernando 535. The magnetic field strength of this spot umbra is B || = 3075 ± 250G (Brynildsen et al. 1989 ). This atlas also gives the corresponding photospheric spectrum from a quiet region very close to the spot. 
FeH Solar identification
The probability of chance coincidence between laboratory and umbral wavenumbers can be tested by means of the Russell-Bowen formula (Engvold et al. 1980 ). In the method of wavelength coincidence, the procedure of identification is completed as the list of accurate wavelengths for a particular transition of the selected molecule and the stellar spectrum are compared for coincidences (Hansen 1985; Lambert 1988) . The method of coincidence assumes an identification of the solar line with a laboratory line if the line is located within 0.05 cm −1 of the listed laboratory value. In order to exclude the possibility of identifying a molecular band by chance, the number of coincidences found, should exceed the number of chance coincidences. In addition, the variation of relative line strength with rotational quantum number J is checked (see Sotirovski 1971) . A quantitative measure of the significance of the coincidences is performed by using the following formula (Hansen 1985) :
where ν is in cm −1 and N represents successively all integer numbers between 0 and 40. An example of the resulting plots of mean residual intensities < r c > for a given band, versus shift in wavenumber relative to the predicted line positions, is shown in Fig. 1 . The presence of a molecular band in the umbral spectrum shows up as a peak above the noise produced by random coincidences. All known FeH bands (Phillips et al. 1987) within the spectral range of the present umbral spectrum were checked with this procedure (Fawzy 1995) . A slightly different version of this method was developed and used by Lambert (1988) . Figure 1 shows a good example of the coincidence curve for the transition (1/2−1/2) of the lower (a) energy level of the Λ-doublet pair for the R-branch of the FeH (0−0) band. We have searched for all laboratory line positions of the bands (2−0), (1−0), (2−1), (0−0), (1−1), and (2−2) within the available range of the umbral spectrum λλ5600 − 11600Å; σσ = 8000 − 18000 cm −1 ). Figure  2 shows a part of the umbral spectrum of the studied sunspot with the locations of FeH lines of the (0−0) band. The laboratory, umbral wavenumbers and their differences ν lab. − ν umb. (cm −1 ) are given in Tables 2-5 with the corresponding transitions for the identified bands (0−0), (1−0), (2−0), and (2−1) respectively. The numbers (1), (2), (3), and (4) are used for transitions (7/2−7/2), (5/2−5/2), (3/2−3/2), and (1/2−1/2), respectively, for either the upper (b), or the lower (a) energy level of Λ-doublet pair for both R and P-branches. The differences between laboratory and umbral wavenumbers of the identified lines are less than ±0.1 cm −1 .
Conclusions
Using high resolution spectra of a large sunspot umbra obtained with FTS of the McMath-Pierce Solar Telescope of NSO/NOAO at Kitt Peak, we have been able to identify two new bands (2−0) and (2−1) of the 4 ∆− 4 ∆ system of FeH molecule. Previously, the two bands (0−0) and (1−0) were identified. The new identification of more than 500 FeH lines in the umbral spectrum confirms that this molecule accounts for the majority of lines in sunspot umbrae in the spectral range λλ7782 − 11119Å; σσ = 8990 − 12846 cm −1 . The presence of FeH lines in sunspot umbral spectra offers the possibility to study the higher layers in the umbral atmosphere. The variation of equivalent widths with rotational quantum number reflects the rotational temperature of these layers (Mulchaey 1989; Fawzy et al. 1997, in preparation) .
Notes to Tables 2 to 5:
a P or R branch. The numbers (1), (2), (3), and (4) are used for transitions (7/2−7/2); (5/2−5/2); (3/2−3/2); and (1/2−1/2) respectively. a or b: the lower or upper energy level of Λ-doublet pair. b The rotational quantum numbers. c Laboratory wavenumbers taken from Phillips et al. (1987) . d Line transitions in the umbral spectrum. e The numbers in the parentheses represent doubtful coincidences where ν lab. − ν umb. > 0.1 cm −1 . Most of these lines are not included in the determination of the rotational temperature. Table 2 . FeH lines of the (0−0) band identified in the umbral spectrum
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